EXPLORING THE FORMATION AND EVOLUTION
OF CLUSTERS, GALAXIES, AND STARS

’“\




Overview

* Soft X-ray grating spectroscopy MIDEX mission
* Science

— Understanding the formation and evolution of clusters of
galaxies, black holes, and stars.
 Key Parameters
— Effective Bandpass ~12-50A (~0.25-1 keV)
— AMAX (= R) > 2500 between 22-25A (design is >3500).

— Area = 200-400 cm?; 300 cm? at O VII (21.6-28A)

 In the O VII band, Chandra HETG had <10 cm? at launch, <1 cm?
today

e (and R~1000)
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Science Goal #1: Structure Formation
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Science Goal #1: Structure Formation

X-Ray Absorption in the Milky Way, M31, and “Local Group”

— Every extragalactic sight line probes our Galaxy’s hot halo

« Arcus will obtain density, temperature, mass distribution, and shape

— M31 (6 sight lines within 200 kpc; 2 near M33)
 Differentiated by velocity from the MW

— Local Group, 1f detectable, has a different velocity than MW




Smence Goal #1:. Galaxy Halos
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Arcus will measure the slope of average radial
density distribution to beyond R2oo.

Galaxy halos contain most of
the "normal" material in the
Universe

Arcus will determine shape,
size of galaxy halos not
possible to measure any other
way

Halo gas could follow dark
matter distribution (n~r-2.8);
or distribution inferred from
r<50 kpc of galaxy (n~r-32);
or distribution where baryons
are within R,qq (n~1-3/4)
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X-rays and CMB polarization...

The Cosmic Microwave
Background has a dusty <

‘foreground,’ that i
depends on the presence §
of magnetic inclusions. é 5
The expected polarized =
dust emission can 2
increase by 4 X inthe 3

microwave band

depending on whether the
magnetic inclusions are
Fe,0,, Fe;0,, or metallic

Fe — which Arcus can
measure easily.
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Science Goal #2: SMBH Feedback

The bulk of outflowing material in AGN winds is highly ionized and
accessible only in X-rays.

’-N

 Arcus will measure wind High-velocity | s ~
] Broad Line ! ~
momentum by tracking the Region Clouds: by \
response time of the wind o =
. . “Beanbags”?

properties to changes 1n the 7 ,
continuum on timescales from | Dy

onu
10 ks to 10 Ms. i

« Breaks degeneracy between the \

-
Moderate-velocity
Narrow Line Region
Clouds: How much
momentum do they

 carry away?

density of the outflowing wind and \
its launching radius. \
* Important implications for the

A

100p(\

role of AGN feedback 1n shaping
host galaxies.
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Science Goal #3: Stars & Stellar Formation

Arcus differentiates
between the distinct
line signatures
produced by accretion
shocks near the surface
vs. those from coronal
emission, revealing the
origin of the accretion
flow. We will map the
density, absorbing
column, shock velocity
and turbulence using
the He-like 1on line
diagnostics.
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Science Goal #3: Stars & Stellar Formation

. l.o rrry LI | rrnerngrT T Ty Ty rrrrrrrnry rrrrrrrry rrrrrrrnTry LI
TeStlng COI’OIlal - : I ] Simulaltions of Caplella ovil B!md -
. . — with DR satellite lines marked —
heating models using oal Arcus 5 ksec 7
.« . O Chandra HETG 500 ksec |
temperature-sensitive T Hitomi SXS 1 i
dielectronic = i o
recombination (DR) S T = i
lines. A 5ks Arcus T o ° A
observation will s L i
) : . E 2
identify these lines; I s 22
longer observations | |
Capture the Changes in O llllllllllJ_LlllllLLlllLLl lll LA L LU L] llllllll | Ll
h d . 1 188 18.9 19.0 19.1 19.2 19.3 194
the dynamic corona Wavelength (A)

environment.

Chandra’s HETG 1s limited by both resolution and throughput, and a
microcalorimeter like Hitomi or XARM cannot resolve the features.
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Arcus & Exoplanets

* Low-altitude exoplanet
atmospheres are accessible in
the Opt/IR

* Arcus will directly measure
the thermal profile and can
infer the composition of the
high-altitude outer layers by

transit depth

Iron Edge

exploiting the energy- Oxygen
dependent transmission of
. . Carbon
different elemental edges in
soft X-rays. |
* The upper atmosphere and 10 5 6 5 10

time (ks)

exosphere of one such

exoplanet, HD 189733b, have
been detected with Chandra.
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Schematic Overview
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Mission - Orbit

-

Boresight limited to 90 & 25°
during observations for
thermal control (E.1.8).

Science target sequence
optimizes observation
efficiency within
viewing constraints.

(Solar arrays are in/out of page) @

I

Arcus orbit
inclination 16

8-hr DSN SDDL and
command pass;
No pointing
wmB=  required.
SA
®

GEO

De-sat

®
Only desats pause the

continuous science
observation sequence.

Science targets are
time-insensitive and pixel
summing algorithms
ignore signals taken
during desats.

-

Target n+1

~ Sle\gl
o an
& Settle

Targetn

Four 1-hour tracking contacts.

Lunar resonant orbit offers infrequent eclipses, a stable
thermal environment, and long-term orbit stability that

enables simple operations.

No pointing required
P greq )
Science Orbit
Parameters Value
Perigee Altitude 11Re
Apogee Altitude 35Re
Inclination 16 degrees
Orbital Period 6.85 days
(0.59 Msec)
Maximum Eclipse 4.5 hours
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Operations

4 . N )
_‘ ARS - > g Deploys in science orbit
Spacecraft Support (OATK) % I ot Science
Pre-Science phase at MOC TDRS. | TIm/Cmd (S-band) Data
Post-Science, anomaly support ‘Groun ] } — N Tracking (S-band)
| HEASARC | ation 4, ﬂ\‘\ Ground . (>-band) -t
TArchive Data S/C i Station “ DN 34m g
Arcus Science | Health Critical ICriticaI Ground Station s
Operat(ig)‘{los)Center ¥ &St:;f“. - EvcenttC&T(ARg/ent QT 1K Tim Science Data Trackingl l%riticalc&T Cor(?m-
. rcus Mission Ops Center : vent ands
Generates target lists & | >Cience Data [ Commands & monitors L Telemetry/NAV/Science Data
processes science data | Observation Plans >l the Observatory Commands > DSN Management (JPL)
( J J )

* Arcus uses a mission operation architecture with substantial
heritage throughout all mission phases.

* Data will be processed at Smithsonian Astrophysical Observatory
and put 1nto an archive (HEASARC) available to anyone.

* All observations will be available within 3 months of completion.
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Arcus 1n Summary (arcusxray.org)

Science: Addresses core components of 2014 NASA SMD Science Plan and the 2010 Astrophysics Decadal Survey.

Three key science objectives enabled by broad soft X-ray bandpass with high sensitivity and resolution
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Characterize hot diffuse baryonic matter, the dominant form of .
gasin the Universe, on scales from the Mllky Way to clusters of
?alast and beyond to reveal the mechanlsms ehind thelr

rmation and evolutlon

|dentify the launchin

alactic-scale outflows

evolution of gaIaX|es

Study the impact of
accretion on star formation

| and how magnetic dynamos
| create’X-rays across a range

of stellar ages and types
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Arcus Team Members

PI: Randall Smith

SAQ: Laura Brenneman, Nancy Brickhouse, Peter Cheimets, Casey DeRoo, Adam
Foster, Ed Hertz, Paul Reid, Scott Wolk

MIT: Mark Bautz (IPI), Catherine Grant, Moritz Guenther, Ralf Heilmann, David
Huenemoerder, Eric Miller, Mike Nowak, Mark Schattenburg, Norbert Schulz
NASA/ARC: Jay Bookbinder, Simon Dawson, Butler Hine (PM), Pasquale Temi,
Stephen Walker (MSE), Marcie Smith (Mission Ops), Meg Abraham (Aerospace)
NASA/GSFC: Lynne Valencic, Rob Petre, Andrew Ptak, Alan Smale

FAU: Joern Wilms, Ingo Kreykenbohm

Leicester: Richard Willingale

MPE: Vadim Burwitz, Kirpal Nandra (IPI), Jeremy Sanders

QUB: Katja Poppenhaeger

PSU: David Burrows, Abe Falcone, Randall McEntaffer (IPI)

SRON: Elisa Costantini, Jelle Kaastra

Maryland: Richard Mushotzky (Interdisciplinary Science Lead)

Michigan: Joel Bregman (Science Team Chair), Jon Miller

Caltech: Kristin Madsen; Columbia: Frits Paerels; St. Marys: Luigi Gallo
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